Abstract. On this study the influence of silicon dopping on the properties of the final calcium phosphate cement were analysed and compared to the ones of the conventional Si and Mg-free α-TCP cement. In spite of silicon doping, Si-α-TCP calcination temperature (1400°C) was higher than the one used for conventional α-TCP (1300°C) as a result of Mg contamination on the commercial precursor used on the Si-α-TCP synthesis. Because of the high temperature used, Si-α-TCP sample was difficult to mill. Even after 1 week milling, the particle size achieved was 12µm while Si-free α-TCP reached 7.7µm. Consequently, the reactivity of both powders was different. In conclusion, the properties of Si-α-TCP cement were not satisfactory for clinical application. In order to do it so, it is essential to enhance the powder reactivity by reducing Mg contamination, lowering the sintering temperature and reducing the particle size to, then, achieve the desired reactivity and compressive strength.
Introduction
Calcium phosphate cements (CPC) are defined as blends of calcium phosphates powders, that by mixing with an aqueous solution of orthophosphoric acid or its salts, and other additives, form a viscous and moldable paste that sets into a firm mass within a few minutes as a result of the precipitation of a crystalline entanglement, or the formation of an amorphous gel, of a different calcium phosphate [1] . Among all available CPC, that one whose setting is based on the hydrolysis of α-Ca 3 (PO 4 ) 2 (α-TCP) to Ca 9 (HPO 4 )(PO 4 ) 5 OH (CDHA) seems to have proper strength, resorption rate, biocompatibility and bioactivity for bone repairing applications.
Lately, the substitution of trace elements in the α-TCP crystal network as a way to enhance its bioactivity and osteoinductivity has received great attention. Several trace elements which play an important role in the growth of healthy bone and cartilages have been tested [2] . Especially silicon, which can partially substitute phosphorus in the tetrahedral sites, has attracted great interest due to the osteogenic and osteoinductive properties attributed to this element [3] [4] [5] [6] [7] [8] [9] [10] .
Recently we reported a synthetic route to prepare low Mg-content pure phase Si-doped α-TCP [11] . Then, the aim of this paper is to CPC from Si-α-TCP and to compare its proeperties with those of conventional CPC prepared from Si-free α-TCP.
Materials and Methods
α-Tricalcium Phosphate (α-Ca 3 (PO 4 ) 2 , α-TCP): It was synthesized by solid state reaction of an appropriate mixture of Mg-free CaCO 3 (0.037 wt-% of Mg) and CaHPO 4 (<1.10 -4 wt-% of Mg) at 1300°C for 6 hours. The heating rate was approximately 5°C/min and after the dwell time the furnace was shut off to the sample cool to room temperature. Then, the powder was ball milled for 12 hours. In turn, Mg-free CaCO 3 and CaHPO 4 were obtained by aqueous solution precipitation in the presence of a proper amount of EDTA as elsewhere described [11] .
Si-α-Tricalcium Phosphate (Si-α-Ca 3 (PO 4 ) 2 , Si-αTCP): A mixture of commercial CaCO 3 (Synth, Brazil) (0.88 wt-% of Mg), CaHPO 4 (Synth, Brazil) (0.28 wt-% of Mg) and CaSiO 3 (Vetec, Brazil) (0.083 wt-% of Mg) with Ca/(P+Si) ratio of 1.5 was prepared and reacted at 1400°C for 6 hours with a heating and cooling rate of 5°C/min. Finally, the reacted mixture was ball milled for 1 week. Si content in the resulting product was 0.48 wt-%.
Powder Characterization: The Mg content in the reagents mixture was determined by X-Ray fluorescence, XRF (Rigaku RIX-3100, Japan). X-ray analysis was carried out with a DMAX 2200 X-Ray diffractometer (Rigaku, Japan) (CuKα, Ni filter, 20kV, 20mA, 20-30º (2θ), 0.01º (2θ)/s). Particle size distribution was determined by laser scattering (Mastersizer Malvern S-MANN 5005).
Cement Samples: The mixing liquid was an aqueous solution of Na 2 HPO 4 (Synth, Brazil) 2.5wt-% and C 6 H 8 O 7 (Synth, Brazil) 1.5 wt-%. A liquid-to-powder ratio of 0.6 mL/g was employed to prepare the cement pastes. After homogenising, the paste was moulded into 6x12 mm cylinders and 12x6 mm discs. Afterwards, the samples were kept at 100% R.H. for 1 hour, dried in air for 24 hours. Finally, a half of the cement cylinders and discs were immersed in SBF solution 7 days.
Cement Characterization: The evolution of α-TCP conversion to calcium deficient hydroxyapatite (Ca 9 (HPO 4 )(PO 4 ) 5 OH, CDHA) due to SBF immersion was analysed by X-ray diffraction (XRD). Longitudinal and diametric compressive strength were determined with a servohydraulic universal testing machine MTS -TestStarII with a crosshead speed of 1mm/min. Fracture surfaces of cements were coated with gold and their microstructure was observed with a JEOL JXA-840A Scanning Electron Microscope.
Results and Discussions
The final commercial reagent mixture had 0.43 wt-% of Mg and it is well known that Mg contents higher than 250 ppm in mass would stabilize β-TCP phase and raise the temperature of the β α transformation to around 1500°C [12, 13] . Indeed, the temperature for Si-α-TCP synthesis (1400°C) was higher than the one used for the α-TCP (1300°C) even with Si substitution which is a well established stabilizing agent of α-TCP [3] [4] [5] [6] [7] [8] [9] [10] . This fact explains the longer milling time needed for Si-α-TCP and the difficult to achieve finer particle size distribution for it. TCP powders have a mean particle size of 7.7 µm for α-TCP and 12 µm for Si-α-TCP, which are quite larger than the ideal range of 2-4µm.
Regardless of the Mg contamination, all solid state routes resulted on almost pure α-TCP phase with β-TCP contents of 4 and 6 wt-% for α-TCP and Si-α-TCP, respectively, as determined by Xray diffraction using the internal standard method [14] .
The results of XRD analysis (Figure 1) showed that α-TCP CDHA conversion is complete after 7 days for α-TCP cement, whereas for the Si-α-TCP one there was still a little amount of un-reacted Si-α-TCP, after the same period of time. The less reactivity of the Si-α-TCP powder may be explained by many factors as bigger particle size, probable bigger superficial area and the higher sintering temperature (1400°C) which should have formed denser particles making more difficult the milling process and reducing its reactivity. However, the real reason for the lower reactivity would only be established if the particle size distributions for both powders were the same. Unfortunately, due to several factors it was not possible to achieve the desired particle size distributions for both powders.
Moreover, CDHA plates formed in α-TCP are bigger than those in Si-α-TCP (Figure 2 ). Indeed, longitudinal and diametric compressive strength results showed that the bigger are the CDHA plates, the greater is the cement mechanical strength. Also, SBF immersion was responsible for the mechanical srength enhancement (Table 1) 
